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1.0. DiTRODUCTION

This final report, prepared by the U.S. Armyr Tank-Automotive Command
(TACOM), Engineering Data Directorate, Technical Data Division,
Packaging Branch, is an evaluation of TACOM's polyurethane foam
pa' waging capability in providing Level A, water vapor protection to a
major assembly. The test included an asseasuent of the MIL-5TD-129,
Level A marking requirements applied to a fiberboard surface and exposed
to the outdoor environment.

On* of two largee-item, total-encapsulition, polyurethane foam pack
designs used at TACOM includes a top which conststs of polyurethane
along with a wood fram. This polyurethane foam pack, when properly
produced, ass designed to not allow water penetration. However, there
have been sporadic reports, over the past 10 years, of water penetration
taking place when the packs are stored outside exposed to the elements.
For this reason, the test described in this report was conducted.

The polyurethane 1aam used in our designs conforms to NIL-F-83671,
Class I, Category I1, 2 lbs/cu ft density, with tensile strength,
moisture vapor permeability, and oil-rfeistant properties specified.
This specification replaced MIL-P-21929, Class 1, polyurethane foam.

2.0. OBJECTIVE

The primary objective of this environmental test was to evaluate the
ability of the total-encapsulation polyurethane foam packaging to pro-
vide (Le.-l A) protection to a major assembly over an extended outdoor
storage period when packaged to TACOG requirements.

3.0. CONCLUSIONS

",he 44dition of a plywood top and a change in the design of the top
frame improves the quality of the polyurethane foam pack. The new
design provides greater strength, improved reliability, and reduces the
probability of water penetration to the item if the polyurethane foam
barrier is dau6ged.

The use of labels on the fiberboard is unacceptable because the labels
do not adhere to the fiberboard for any extended petiod when exposed' to
the elements.

The total encapsulation polyurethan. foam pack mets all the require-
ments for Level £ protection needed to protect TACOM parts against the
most severe worldwide shipment, handling, and storage conditions.
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4.0. REC(MlENDATION3

All polyurethane foam-in-place (FIP) packaging data sheets that call for
the wood frame top with foam exposed to the elements should be updated
to incorporate a plywood top cover with a redesigned frame.

The Army Materiel Comand (AMC) should establish a new method of protec-
tion for inclusion in MIL-P-ll6, polyurethane foam, total-encapsulation,
technique VII of NIL-F-45216.

All special markinga shall be limited to stenciling, printing, or silk
screening per MIL-STD-129.

5.0. DISCUSSION

5.1. Background

In June 1983, it was decided to conduct an extended outdoor
storage text of one metal and two polyurethane packs containing 6V53
engines to assess TAC04's polyurethane foam packaging capability in pro-
vidlg Level A, water vapor protection. The condition of these engines
over the period of the test was to be used in appraising the adequat4-
ness of the polyurethane FIP pack as a Level A pack.

The test was initiated because over the last 10 years we have
experienced several deficiency reports on FIP packs. Our extensive
investigation of deficiencies in the total-encapsulation polyurethane
foam pack revealed that discrepancies were caused by rare occurrences
such as:

a ?dam Properties not meeting specification requirements
- No low/high temperature stabilizers
- Low compressive strength
- Low density
- Open cell content greater than 10 percent
- Poor tensile strength
- Friability

e Foam Packaging Workmanship not meeting specification
requirements
- 3mall void openings (pockets) on the top of the pack

where water acoumulates, freezes, melts, etc., result
in expansion, which causes the foam cells to crack
and causes water to seep down into the pack.

- Poor knit lines between successive pours (with occlu-
sions, cracks, and separations) result in additional
cracks aad causes water to seep into the pack.

- Small (pin) holes in the top, which open like a tunnel
dMwn to the item in the pack, also result in water

d



seepage into the pack. These pin holes are normally
caused by inadequate filling of the container, or an
attempt to pour too much foam at one time.

* Handling and Storage
- Personnel open the pack for inspection and then try to

reseal the foam pack for storage. Resealing a pact: that
has been opened is almost never successful and is not
considered acceptable.

- Personnel probe the foam with pencils, pens, knives,
etc.

- Personnel drive a forklift's tines into the aide of the
pack. This is a hazard of all packs, even metal con-
tainers.

The intent of our test program was to assess whether, when specification
polyurethane foam is used, and when coriect procedures are followed for
the packaging of supplies using the FIP, total-encapuulation technique,
the preservation and packing will proteat the items encapsulated against
direct exposure to extremes of climate, terrain, operational transpor-
tation environments without protection other than that provided by the
pack. One additional purpose of the test was to determine if there
would be any benefits to be derived from adding a protective cover to
the open polyurethane top currently in use. We wanted to assess the
cost benefit of increasing the protection to neutralize acme of the
discrepancies that had been identified.

The study began with the selection of three engines: Marine Engine,
serial no. (S/H) 5121113, Military Mgine, S/N 5135029-30, and
Comercial ftine, S/N 5135029-114.

Marine engine S/N 5121113 was placed in a reuseable metal container
(controlled breather). See Figures 5-1 through 5-3. This metal con-
tainer was umed as a control and the humidity indicator, standard in
this type of package, was annitored. Two other 6V53 engines, comercial
engine S/N 5135029-14 (Figures 5-4 through 5-6) and military engine S/N
5135029-20 (Figures 5-7 through 5-10), were packed in polyupethane foam
using requirements on Packaging Data Sheet PM 8738127 (see Addendum).

All three engines are condition Code F mate•iel. No internal preser-
vation -is provided. The rocker arm shaft under the valve covers was
cleaned with emery cloth and wiped with a clean cloth. The right shaft
was coated with preservative MIL-L-21260, grade PKIO-I, and the left
side was coated with MIL-P-46002. The flywheels were cleaned with emery
cloth and wiped with a clean cloth. One-third of the flywheel area was
coated with preservative MIL-L-21260, grade PIO-1, one-third was coated
with preservative MIL-P-46002, and the remaining third was left unpre-
served. The three segments were separated with tape.
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(kFlywheel End

(b) Opposite End

Figure 5-1. Marine Engine 5121113
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(a) Left Bank

(b) Right Bank

Figure 5-2. Marine Engine



(b) BOttoni

Figure 5-..3 View of Marine Engine
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(b) Opposite End

Figure 5-4. Commiercial Engine 5135029144
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()Left Bank

(b) Right Bank

Figure 5-5. Commuercial Engine
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()Top

(b) Bott=m

Figure 5ý-6. Commercial Engine



.1*1

Figure 5-7. Military Eetgne Serial No. 5135029-20
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Figure 5-8. Military Engine Serial No. 5135029 -20
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(a) Left Bank

44

(b) Right Bank

Figure 5-9. Military Engine
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Fi gure 5-1lo. MiIli tary Engi ne
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Engine SIN 5•35029-14 wax packed on 5 Sep 83 and was covered with a
piece oa 3/8-inch plywood, grade AC, with exterior glue in accordance
with federal specification NY-P-530. Plywood w&s nailed to the 1- by
4-inch top fram Ndth 4D, 1-inch long, bright, flat-head, amoth-shank,

box nails, type II, sty'A UI of FF-N-105.

Engine 3/N 5135029-20 was packed the following day and the bare top
polyurethane foam was partially coated. Approximately one-fourth of the
top tbas was coated with a one-part-polyurethane paint conforming to
military specification HIL-C-83286 (a dark grey paint), and another one-
fourth was coated with a two-part-polyurethane paint conforming to mili-
tary specification NIL-C-81773 (a light grey paint). The remaining half
of the open top was left exposed to the elements.

Two standard FI? instruction labels were glued to the fiberboard shells.
A stencil or the instructions was also placed on the shells. Both of
the PIP standard instruction labels and one-half the stenciling were
coated with sodium silicate solution (0-3-605).

5.2. Testing of the Labels

A spin-off study was also conducted on our marking requir*ments beoause
depots were oomplaining that all the reusability and opening instrue-
tion labels on the FIP peaks were falling oft. We want~d to knew why.
The text consisted of two standard paper labels coated with sodium
silicate, two plastic labels and two ink stencils of the special marking
requirments-one coated with sodium silica"o * one uncoated.

All three -;cks were, placed outside at TACG on 7 Sep 83. One ýwek
later, the packs' labels were examined. By this tine, O*A papwr label
was already loose. IhM sodium silioate coating turned f& i cliar tomilky white. ,

On 21 Uep 83, both top nTP instruction labels were gone, one-half of
each of tho paper labels was gone and the plastic' labels rore cooJLng
loose at the ed*es. One week after that, one rIP lower instruction label
wa* one-quarter off. The sodiun silicate coating was cracked and
flaking off of all the areas where it was applied. It appeared that the
coating was trapping moisture on each label and stencil, oausing more
deterioration of the labels and the stencils, rather than protecting
thea.

At the end of a %onth outside, the lower PIP instruction lab, had blown
off and both paper labels were three-quarters loose. The plA.tio labels
were three-quarters loose and the nails were pulling loose on the
plywxod top. noth fiberboard shells had started to bleach from the sun
exposure.

On 9 Nov 83, only one paper label (one-fourth adhered), one PIP
Instruction label (onse-third adhered), and one plastic label remained.
The mking requirements that were stenciled directly to the fiberboard
without protective coating fared the best.
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5.3. Fabrication of A1teruate Tops

In May 84, it was decided to fabricate two alternate tops and frames for
the FIP packs. gMe previous November, when the packs were checked, the
top plywood had shown weathering and warping. The painted coatings on
the foam appeared to havcj provided no visible improvement over the bare
foam (se Figure 5-11). The humidity indicator on the metal container
had stayed blue, which meant the humidity inside the container stayed
below 40 percent. On 14 Dec 83, the three packs were rotated 900. The
fiberboard anntinaed a slow bleaching. The plywood top continued to
warp and more nails pulled loose as shown in Figure 5-12.i

The fabrication of the two alternate tops Involved foaming two new,
smaller packs, 36 inches by 36 inches by 6 inches. One had a 2- by
4-inch nominal frame, and the other had a 2- by 2-inch nominal frame,
with boards nailed to the edges of the top of the frame. This type of
conatruation left a large open area in the middle top of the pack.
Durirj the pouring of the polyurethane into the box it was obvious that
it was going to be easier to fill the voids under the 2- by 2-inch nomi-
nal frame, due to the large opening in the center of the pack and the
smllar area covered by the wood in the corners.

The fram*s consisted of two boards, 35 3/4 Inches loag, and two boards,
32 3/4 inches long, nailed to the inside or the fiberboard shell an
IlluaLrated in Figure 5-13. A 3/8-inch-thick plywood top was then
nailed to the fram, on one pack with 2-ipch-long nails from an automatic
nailer, and on the other with 1 7/8-inch, 6d, chemaicl-etched nails.
Nails were in a staggered pattern, 3 inches apart in alternate rows, 6
inches apart in each row on one pack; 6 Inches apart and staggered r 11
the other pack. -Dath packs were put outside on 18 May 84.

5.4. Pack Waidity -Toost

On 31 May 84, pictures were taken of original polyurethane pecks outside
(Flguroe 5-l4). The pack with the plywood on top (containing engine' S/N
5135029-14) was brought lnside to see if by drilling a hole in the pack
through the side we could read the temperature and relative humidity
Inside the pack. The results were a complete failure. It appeared that
the lack or air circulation within the pack prevented any type of
accurate readings with a probe that went 5 inches Into the pack. The
pack was then opened, examined, and the engine was removed and
inspected. (See Figures 5-15 through 5-18.)

5.5. Mgine. Reaok

The pack containing engine S/N 5135029-14 was refoamed on 22 Aug 84
without any represervation of the engine, because there was no corrosion
visible on the ngine. The plywood top was secured by a bond which
formed between the polyurthane foam and the plywood. No nails "re
used to secure the top. It was impossible to tell If the pack was
completely filled with foam. The pack uas placed outside or 23 Aug 8'i.
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(b) _Plywood Top

Figure 5-11. Closeup of Weathering Packs
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(a) Without Top

1. O

23i

, .

(b) With Top

Figure 5-12. Outdoor Weathered Packs
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TOP FKMM'z ur NOWNAL LMUNAR

(a) Inner Frame

(b) Plywood Nailed to Inner Frame

Figure 5-13. Alternate Plywood Top Design
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(a) Alternate Top Design

2(b) Engine Packs

Figure 5-14. May 1934, Outdoor Weathered Packs
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Figure 5-16. Comoercial Engine Being Rmowved fromt Pack
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IFigure 5-17. Top Half of Pack--Inside View
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* Left IkuL

(b) Right Bank
Figure 5-18. Commuercial Engine in May 1984
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FAIr1W the nxt wathAn L k ware %&t- Q• ,36e,1y with no sigknif-
cnt problems noted other than tit plywood top o the pack containing
engine 3/9 5135029-14, which was slowly pulling &ay from the
polyurethans until a wind stori in May 85 blew the top odt. 1he pack
was brought Inside and inspected for external darang. It ws noted that
there were no v9aible voids in the polyurethane on the top and the sawe
piece of piywoo as put back on the pack and secured in place with two
metal bands (see Figure 5-19). 7%e pack was placed outslde the &am.

In ep 85 the packs were rotated 1800 and it %us noted that the fiber-
board "t the one pack that had beez outside for 2 years (the padk con-
taainin engIne 3/9 513502940) bad started to delau'nate in -rae place.

S.A. 97P Vack Zvaluati.9*

Both of the larger PIP polyurethane foam packs were mo'ed inside. on
8 Apr 86 an *xauined. There was a considereble amount of delAmination of
the flberboaed on one sidea of the oldest pack (se Figure 520). There
van also a punpture to tWe aide of" thi.s pack; soosthinv heavy bad been
droPe on top of the pack, breaking the I- b7 4-lcoh top frame and
,orusbu* soi of the, fba (see Figure 5-4 and 5-22). The csase of this

Agse Us Ia~ertOU~1 but it may have beeaL due t@ a &At%*,e tJY4AW.
'The other peek, wghich a onkAinid engine S/ N 5135029,614,p also showted signs
of weathering. The plywood banded op top uws warped and had same delam-
tnaetlon of the venmess at the edges. The nail& that held the Tiber-
,boar shell to the baw Were loose an the bd'aiob uilq away
from Uhe, Wme (se Figures 5-23 and 5-2,).

'Yhess two packs ware opened on 19 Apr 86 and the contents were examined
I'or art, oosjaop, o rthe damsa. No dpgSe or.eoarreloG or either
engine was found. Figures 5-25, 5-26 adA 5-27 ahow the oommeaial
engine, S/N 5135029-14, after removal from the pack. (This is the engine
that was repacked in 1984.) Figure 5-20 shows the military eigine,
S/N 513502942, after Ute top half of the foam pack wms removed.
Figur1 5-29 shown a oloseup top of the e*Mine, showing no deturLoration.

At this time, both of the snall packs with the two variations in top
frames disappear*d. Both packs had been examined the previous month,
IHr 86, with nothing to report outside of some bleaohivn of the fiber-
board and very minor nail popping.
5.7. Metal Costaine -Control Vwaluation

The metal container uas also opened and the engine was removed. No
corrosivn was visible.
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Figure 5-19. Plywood Top Banded to the Pack
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0A,

~ Figure 5-20. Military Engine Pack, Outside 3 Years
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( la)~ sap View

(b) Top Vieaw

Figure 5-21. Damaged Top of Military Engine Pack
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FIgure 5-22. Closeup of Demaqed Areas
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I ~Figure 5-23. W'%athered Causurcal Engine Repack
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Figure 5-24. Fiberboard Shell on Co4Iuerclal Engine Repack
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Figure 5-25. Conuercial Engine After Test
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(b) Right Bank

Figure 5-26. Cananerrial Engine After Test
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Figure 5-27. Closeup of Coinercial Engine After Test
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Figure 5i-28. Weathered Mil1itairy Engine With Top Half of Pack Removed
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Figure 5-2�*. Closeup c� Military �ngine After Test
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